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Abstract

Objective: Dysregulation of the extracellular matrix molecule biglycan (BGN) predicts poor survival in several cancer entities. Our
study investigated the prognostic impact of BGN in bladder cancer (BC) in 2 independent cohorts and assessed its role in epithelial-mesen-
chymal transition (EMT) and association with molecular BC subtypes.

Methods: BGN protein expression was correlated with the oncological outcome of 162 patients with BC undergoing radical cystectomy
(RC) in a single center and furthermore on gene expression level in the TCGA database. Cut-off values for BGN protein and RNA expres-
sion were tested with receiver operating characteristic (ROC) curves. BGN gene expression was correlated with established EMT and BC
gene signatures in the TCGA database using gene set enrichment analysis (GSEA). Key EMT and basal/luminal molecular BC subtype
markers were correlated with BGN expression and data were shown in a heat map.

Results: BGN upregulation in BC cells on the protein level predicted poor oncological survival in the institutional cohort for both uni-
variate (P = 0.007) and multivariate (P = 0.040) analyses. BGN expression was not associated with other clinicopathological parameters.
The prognostic value of BGN was validated on the mRNA level in the BC TCGA database (P = 0.002). Both EMT and BC core gene signa-
tures (P < 0.001) correlated with BGN expression in GSEA. BGN gene expression was associated with key indicators of EMT. BGN was
associated positively with the molecular basal BC subtype and negatively with the BC luminal subtype.

Conclusion: BGN is an independent prognosticator for poor survival in BC patients. BGN is associated with the basal molecular
BC subtype. EMT might be a key player for BGN driven oncogenesis, as BGN expression correlates with EMT gene signatures. © 2019
Elsevier Inc. All rights reserved.
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characteristic; CSS, cancer-specific survival; OS, overall survival; ECM, extracellular matrix
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treatment options for metastasized urothelial cell carci-
noma, the overall response rate ranges around 20%—50%
[2]. In addition to novel therapeutic targets, there is a need
of prognostic and predictive markers as it is still unclear,
which patients will have the greatest benefit from adjuvant
or neoadjuvant therapy [3,4]. Furthermore, a deeper under-
standing of molecular BC tumor biology is necessary in
addition to ongoing clinical trials.

The small-leucine rich proteoglycan biglycan (BGN) has
been associated with advanced tumor stages and adverse
oncological outcome in several tumor entities, including
melanoma, pancreatic, endometrial, gastric, colorectal,
and prostate cancer, as well as esophageal adenocarcinoma
[5—12]. For BC, the situation is rather unclear. A study
showed elevated BGN levels in the blood of BC patients
and increased BGN expression in BC tissue compared to
healthy controls [13]. However, another investigation cor-
related BGN up-regulation on RNA level with improved
survival in a cohort of BC patients [14].

Initially, the function of BGN has been primarily seen in
maintaining the structural integrity of the extracellular
matrix (ECM). However, within the last years, BGN has
been established as a signaling molecule mediating differ-
ent steps of carcinogenesis [15].

The regulation of epithelial-mesenchymal transition
(EMT), one of the hallmarks of cancer, seems to be regu-
lated partially by BGN [16,17]. During EMT, tumor cells
detach from the main tumor mass by attaining mesenchy-
mal characteristics. Within this process, which is a precon-
dition for both tumor cell invasion and metastasis, cancer
cells remodel the ECM, of which BGN is part of. On the
molecular level, EMT is characterized by the increased
expression of several transcription markers like SNAII,
ZEB1 and TWIST1, ECM components (FN1) and mesen-
chymal markers (VIM) together with the down-regulation
of epithelial markers including CDH1 (E-Cadherin). Impor-
tantly, EMT has been shown to be relevant also in BC
[18,19]. EMT has been associated with tumor resistance
mechanisms and therefore underlines potential therapeutic
implications [20].

The molecular subtyping of BC has revolutionized the
understanding of BC [21]. Although different classification
systems have been proposed, the inclusion of a basal and
luminal subtype seems to be a basic consensus [22]. Impor-
tantly, molecular subtyping might have direct clinical
implication, as a previous study demonstrated improved
efficacy of neoadjuvant chemotherapy in basal subtype BC
patients [23].

In this study, we investigated the prognostic role of BGN
in advanced BC in an institutional cohort on the protein
level and in addition in an external transcriptome data set
from the TCGA database. The association of BGN and
EMT was assessed using different gene expression signa-
tures and key EMT drivers. Furthermore, BGN gene
expression was correlated with luminal and basal molecular
BC subtypes.
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2. Methods

2.1. Clinical cohort

One hundred sixty-two patients who underwent RC
between 2004 and 2014 in our institution because of mus-
cle-invasive bladder cancer (MIBC) were included. Exclu-
sion criteria were nonmuscle-invasive BC (NMIBC), lack
of follow-up data, absence of written consent, and inade-
quate quality of pathologic tissue. For further stratification,
we also excluded all patients with metastatic BC (M1), pos-
itive surgical margins (R1/R2), non high-grade bladder can-
cer, and neoadjuvant chemotherapy. All patients signed a
written consent form for clinical follow-up. Specimen were
retrieved from the archives of the institute of pathology and
all data were anonymized. Need of consent was waived by
the institutional ethic committee of the Medical Faculty of
the Ludwig-Maximilians-University Munich (LMU).

Tissue-microarrays (TMA) with 1 mm cores from the
tumor center and the tumor edge were assembled in tripli-
cates. Hematoxylin-eosin-stained tissue samples were used
as templates. Samples of normal urothelium were included.
Follow-up was done by questionnaires sent by mail in regu-
lar predefined intervals as well as telephone interviews. All
histopathological samples underwent an expert pathological
review regarding grading and staging parameters. For dis-
ease-specific survival, BC-associated death was defined as
clinical endpoint.

2.2. Immunohistochemistry

Five micrometer TMA sections were cut, deparaffinized,
and stained with a BGN antibody with UltraView Universal
DAB detection kits on a Ventana Benchmark XT autos-
tainer (Ventana medical systems). A polyclonal rabbit anti-
BGN antibody (HPA003157, Sigma-Aldrich) was used in a
1:300 dilution. Quantitative evaluation of protein expres-
sion was done by ImageJ. Cut-off levels for protein expres-
sion were determined by using receiver operating
characteristics (ROC) curves, and the area under the curve
(AUCQ) is depicted in the respective figures. Importantly,
the quantitative assessment of BGN protein expression with
ImagelJ included only BC cells, while all stromal, ECM,
and interstitial tissues were excluded.

2.3. BC TCGA, gene set enrichment analysis (GSEA), heat
maps

In order to validate the role of BGN in BC, we used gene
expression data (RNA-Seq) of The Cancer Genome Atlas
(TCGA) (https://gdc.cancer.gov) and corresponding clini-
cal follow-up [24]. BGN cut-off levels for dichotomization
were determined by ROC curve analysis. In order to corre-
late BGN expression with oncogenetic signatures, we per-
formed a gene set enrichment analysis (GSEA). Therefore,
we calculated a ranked list of the correlation of BGN
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expression with 20,531 genes. Hallmark and curated gene
sets with 1,000 permutations using the Molecular Signa-
tures Database v5.0 (Broad Institute) were then correlated
to this ranked list [25]. BGN expression with EMT and BC
gene signatures and the respective enrichment scores were
correlated. Additionally, several EMT regulators and lumi-
nal/basal molecular BC subtype indicators were correlated
with BGN expression on the mRNA expression level
(Spearman’s rank correlation coefficient) and heat maps
were generated using GENE-E software (Broad Institute).

2.4. Statistical analysis

The impact of BGN on oncological prognosis based
on the institutional cohort was tested according to the
Kaplan—Meier method and a log-rank test for CSS and
overall survival (OS). Additionally, hazard ratios (HR) for
the univariate survival analyses were assessed by Cox
regression and results are depicted in the respective figures.
Together with the Kaplan—Meier plots, the number of
events (disease-specific death for CSS; any death for OS)
over the number of patients per subgroup is demonstrated
as ratios for each subgroup.

Different clinicopathological parameters (age, gender,
T-stage, [adjuvant] chemotherapy, [adjuvant] radiotherapy,
lymphovascular invasion [LVI], and lymphatic spread)
were tested using univariate Cox regression. The impact of
BGN protein expression on CSS and OS was tested by mul-
tivariate Cox regression analysis. Parameters included for
multivariate analyses were tumor stage (pT3/4 vs. pT2),
lymphatic spread (N1/NX vs. NO), LVI [26], gender
[27,28], age, (adjuvant) radiotherapy, and (adjuvant) che-
motherapy.

Key clinical along with histopathological parameters
were tested for statistical association with BGN protein
expression with Pearson’s chi-squared test. For external
validation purposes, a survival analysis with CSS as
primary endpoint was done for BGN on RNA level
(TCGA) and results were demonstrated as plots of the
Kaplan—Meier estimator.

Correlations of BGN expression with gene signatures
(GSEA) were performed with Pearson’s chi-squared test.
Statistical tests were performed with IBM SPSS 25. P val-
ues <0.05 were considered statistically significant.

3. Results

3.1. BGN expression is strongly associated with poor
prognosis

We first analyzed BGN protein expression in normal
urothelial tissue and urothelial bladder cancer. BGN was
expressed in the cytoplasm of the upper luminal urothe-
lial layer in normal urothelial tissue, but not in basal
cell layers. Importantly, BGN also stained in the ECM
and at least in some mesenchymal cells (Fig. 1A).
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Examples of immunohistochemical staining of urothelial
BC of BGN high and low subgroups located BGN in
the cytoplasmic compartment. BGN seemed to be evenly
spread in the cytoplasm of urothelial BC cells, in con-
trast to normal urothelial tissue, where BGN was
expressed only in the luminal part of luminal urothelial
cells (Fig. 1B).

Next, we tested for correlations of BGN expression and
patient survival. In our collection, the mean follow-up was
3.62 years, and 34.6% and 20.4% underwent adjuvant che-
motherapy and/or radiotherapy, respectively. BC-associ-
ated death occurred in 89 cases (54.9%). We defined BGN
high and low subgroups based on protein expression. The
cut-off level for dichotomization of the BC patient cohort
into BGN protein expression high and low subgroups is
shown together with the respective ROC curve. With this
cutoff, n =27 (16.7%) of patient cases were BGN high and
n=135 (83.3%) were BGN low (Fig. 1C/Table 1). Survival
analysis demonstrated poor prognosis for the BGN high
subgroup regarding CSS (P = 0.007) and a tendency toward
poor outcome for OS (P = 0.054) in Kaplan—Meier plots
(Fig. 1D and E).

We then analyzed associations with other core clini-
cal parameters. Detailed clinicopathological patient char-
acteristics are shown in Table 1. Clinical (age: >median
vs. <median, gender: male vs. female, [adjuvant] radio-
therapy, and [adjuvant] chemotherapy) and histopatho-
logical (T-stage, lymphatic spread/N-category, LVI)
characteristics were not associated with BGN protein
expression (Table 1).

3.2. BGN expression independently predicts adverse CSS
in BC

To further learn about the prognostic power of BGN, we
performed univariate and multivariate survival analyses. In
univariate Cox analyses, (adjuvant) radiotherapy (HR:
3.345, 95% confidence interval [CI]: 1.951-5.736,
P < 0.001) and lymphatic spread (HR: 1.814, CI: 1.084
—3.036, P = 0.023) were significantly associated with
CSS in addition to BGN (HR: 6.955, CI: 1.227—4.020,
P =0.008; Table 2A). In multivariate Cox regression analy-
sis together with key clinicopathological parameters, BGN
proved to function as an independent prognostic predictor
for worse CSS (HR: 1.923, CI: 1.032—-3.585, P = 0.040).
Lymphatic spread/N-category pNO vs. pNI1/NX, (HR:
0.503, CI: 0.291-0.869, P = 0.014) and (adjuvant) radio-
therapy (HR: 3.567, CI: 2.010—6.332; P < 0.001) were sig-
nificantly associated with adverse outcome as well,
underlining the validity of this institutional cohort
(Table 2B). However, in multivariate analysis for OS, BGN
was not a significant prognostic predictor (Table 2C).

These findings suggested that BGN might indicate BC
patients with poor prognosis, especially in regards to can-
cer-specific outcome, while its prognostic power appeared
to be independent of other core clinical variables.
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Fig. 1. BGN expression predicts poor survival in urothelial BC. (A) BGN staining in normal urothelial tissue. Urothelial layer of the urinary bladder and mag-
nified sections of the urothelium and interstitial tissue of the lamina propria. Scale bar, 100 um. (B) Immunohistochemical assessment of high and low BGN
protein expression in radical cystectomy samples of patients with muscle-invasive urothelial carcinoma. Magnification of BGN positive urothelial carcinoma
in order to assess intracellular BGN distribution. Scale bar, 100 um. (C) The optimal cut-off level for quantitatively assessed BGN expression in urothelial
BC was determined by receiver operating characteristics (ROC) curve for BGN protein expression high/low subcohorts. Area under the curve (AUC) (D, E)
Kaplan—Meier plots for the different BGN expression categories for cancer-specific survival (CSS) (D) and overall survival (OS) (E). Hazard ratios and P
values of the log-rank tests are indicated in the diagrams. The number of events (cancer-specific death for CSS and all causes of death for OS) over the number
of patients per group are indicated as ratios over the curves.
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Table 1

Patient cohort characteristics and association of BGN protein expression
with clinical and histopathological parameters. BGN expression was asso-
ciated with clinical and histopathological subgroups. Pearson’s chi-squared
test.

BGN
Characteristics Total Low High P
All patients 162 135 27
Age (y, median 68)
>68 80 (49.4) 67 (83.3) 13 (16.3) 0.888
<68 82 (50.6) 68 (82.9) 14 (17.1)
Gender
Male 116 (71.6) 95 (81.9) 21 (18.1) 0.436
Female 46 (28.4) 40 (87.0) 6 (13.0)
T-stage (UICC)
T2 41 (25.3) 36 (87.8) 5(12.2) 0.356
T3 98 (60.5) 82(83.7) 16 (16.3)
T4 23 (14.2) 17 (73.9) 6(26.1)
N-category (UICC)
NO 90 (55.6) 79 (87.8) 11 (12.2) 0.106
N1 61 (37.7) 46 (75.4) 15 (24.6)
NX 11 (6.8) 10 (90.9) 19.1)
(Adjuvant) chemotherapy
Yes 56 (34.6) 46 (82.1) 10 (17.9) 0.768
No 106 (65.4) 89 (84.0) 17 (16.0)
(Adjuvant) radiotherapy
Yes 33 (20.4) 27 (81.8) 6(18.2) 0.794
No 129 (79.6) 108 (83.7) 21(16.3)
Lymphovascular invasion (LVI)
LVI 49 (30.2) 38(77.6) 11(22.4) 0.193
LVIO 113 (69.8) 97 (85.8) 16 (14.2)
Histological subtype
Urothelial BC 149 (92.0) 124 (83.2) 25(16.8) 0.811
Squamous BC 11 (6.8) 9 (81.8) 2(18.2)
Other BC 2(1.2) 2(1.5) 0(0.0)
UICC stage
2 22 (13.6) 20(90.9) 2(9.1) 0.526
3 139 (85.8) 114 (82.0) 25 (18.0)
4 1(0.6) 1(0.7) 0(0.0)

3.3. BGN predicts poor oncological prognosis in the TCGA
database and is correlated with BC-specific gene signatures
in GSEA

The external BC TCGA cohort was used for further anal-
ysis of BGN biomarker potential on the gene expression
level. An optimal cut-off score of 18,650 normalized
mRNA reads for BGN gene expression was determined by
ROC curve analysis. With this cutoff, n=42 (13.5%) of
patient cases were BGN high, and n=269 (86.5%) were
BGN low (Fig. 2A). BGN overexpression predicted adverse
CSS (P = 0.002; Fig. 2B). Furthermore, using GSEA, we
found that 2 BC-specific gene signatures, Lindgren BC
high recurrence (P < 0.001) and Lindgren BC cluster 2B
(P < 0.001), strongly enriched with increasing with BGN
expression [29] (Fig. 2C). These findings further strength-
ened the prognostic impact of BGN in BC through valida-
tion in an independent cohort on the gene expression level
and also suggested a possible association with intrinsic
characteristics of BC cells.
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3.4. BGN correlates with EMT and the molecular basal
subtype in BC

Next, we investigated the role of BGN in regards to malig-
nant traits of tumor cells and BC subtypes. Interestingly, we
found that BGN gene expression was strongly associated
with EMT signatures, EMT key indicators, and BC subtypes
on the gene expression level. The ranked gene list regarding
BGN expression correlated with the hallmark EMT gene sig-
nature (P < 0.001) as well as the Taube’s EMT core signature
[30] (P < 0.001) in GSEA analysis (Fig. 3A). Additionally,
BGN overexpression significantly correlated with EMT
mediators: ZEB1 (r=0.704, P < 0.001), ZEB2 (r=0.732,
P < 0.001), TWIST2 (r=0.756, P < 0.001), VIM (r=0.819,
P < 0.001), SNAII (r=0.681, P < 0.001), TWISTI (r=
0.743, P < 0.001), FN1 (r=0.770, P < 0.001), and SNAI2
(r=0.236, P < 0.001). The epithelial marker E-cadherin neg-
atively correlated with BGN overexpression (r = —0.208,
P < 0.001). Moreover, the molecular BC subtype of luminal
markers negatively correlated with BGN expression: FGFR3
(e =—0.310, P < 0.001), GATA3 (r = —0.273; P = <0.001),
KRT20 (r = —0.203; P < 0.001), FOXAI (r = —0478; P <
0.001), CD24 (r = —0.104; P < 0.001). On the contrary,
molecular BC subtype basal markers were positively associ-
ated with BGN expression: KRT14 (r=0.220, P < 0.001),
KRT6B (r=0.104; P = 0.036). These results are shown color
coded in a heat map (Fig. 3B). In conclusion, 2 different tran-
scriptome-based analyses in the TCGA dataset suggested
an association of BGN, EMT, and the molecular basal BC
subtype.

4. Discussion

Here, we demonstrate that high levels of BGN protein
expression predict poor CSS in patients with MIBC under-
going radical cystectomy. Furthermore, the prognostic
power of BGN was independent of other core clinical vari-
ables, and we also validated these findings on the mRNA
level in a large independent BC cohort from TCGA. These
results are in agreement with several other studies in differ-
ent cancer entities including gastric, colorectal, and pros-
tate cancer, in which an increased BGN level has been
established as a molecular marker for poor clinical outcome
[5—11]. Interestingly however, studies investigating BGN
in BC showed contradicting results. Appuni et al. compared
BGN serum enzyme activity between BC patients and
healthy controls along with BGN expression in BC tissue
compared to adjacent nonmalignant tissue [13]. BGN was
overexpressed in the serum of BC patients and furthermore
in BC tissue on protein and mRNA level compared to the
control groups, suggesting that BGN is relevant in BC. On
the other side, a previous study on 76 patients with NMIBC
and MIBC suggested that up-regulation of BGN might be
associated with a better prognosis. Since these data were
based on mRNA analysis, and we here demonstrate that in
the TCGA data set BGN is strongly linked to poor outcome
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BGN is an independent predictor for oncological outcome in the institutional cohort. (A) In an univariate analysis, several key parameters known for their
prognostic relevance in BC were tested for their impact on cancer-specific survival. (B, C) Multivariate Cox analysis for BGN as binary classifier including
important clinicopathological parameters like T-stage, N-category, lymphovascular invasion (LVI), (adjuvant) chemo- or radiotherapy, gender, and age. Cox
regression analysis was performed for cancer-specific survival (B) and overall survival (C). Multivariate Cox regression analysis.

A
Univariate analysis
Cancer-specific survival (CSS)

Variables HR (95% confidence interval) P
Age (>median vs. <median) 1.22 (0.728-2.034) 0.454
Gender (male vs. female) 1.093 (0.824—1.449) 0.538
T-stage (T3/4 vs. T2) 1.863 (0.963—-3.603) 0.064
(Adjuvant) chemotherapy 1.625 (0.971-2.718) 0.065
(Adjuvant) radiotherapy 3.345 (1.951-5.736) <0.001
Lymphovascular invasion (LVI) 1.139 (0.645-2.010) 0.654
N-category (pN1/NX vs. pNO) 1.814 (1.084-3.036) 0.023
BGN (high vs. low) 6.955 (1.227-4.020) 0.008
B

Multivariate analysis

Cancer-specific survival (CSS)

Variables HR (95% confidence interval) P
Age (>median vs. <median) 1.269 (0.749-2.151) 0.377
Gender (male vs. female) 1.559 (0.867—2.803) 0.138
T-stage (T3/4 vs. T2) 1.401 (0.702-2.795) 0.339
N-category (pNO vs. pN1/NX) 0.503 (0.291-0.869) 0.014
Lymphovascular invasion (LVI1 vs. LVIO)) 0.788 (0.429—1.477) 0.442
(Adjuvant) radiotherapy 3.567 (2.010—-6.332) <0.001
(Adjuvant) chemotherapy 1.027 (0.590—1.790) 0.924
BGN (high vs. low) 1.923 (1.032—-3.585) 0.040
C

Multivariate analysis

Overall survival (OS)
Variables HR (95% confidence interval) P
Age (>median vs. <median) 1.467 (0.953—-2.259) 0.082
Gender (male vs. female) 1.509 (0.944—-2.414) 0.086
T-stage (T3/4 vs. T2) 1.438 (0.838—2.470) 0.188
N-category (pNO vs. pN1/NX) 0.558 (0.358—0.872) 0.010
Lymphovascular invasion (LVI1 vs. LVIO) 1.188 (0.748—1.886) 0.465
(Adjuvant) radiotherapy 2.318 (1.412-3.807) 0.001
(Adjuvant) chemotherapy 0.770 (0.483—1.229) 0.273
BGN (high vs. low) 1.358 (0.795-2.320) 0.263

on the mRNA level, we suggest that these contradicting
results may be caused by the relatively few cases that were
investigated in the previous study [14]. However, since
here we found no significant association of BGN expres-
sion and OS, we also suggest that the predictive power of
BGN may not be prone to competing age-related risks.
Considering that our analysis of BGN on the protein level
included cancer cells only but the mRNA profiles from
TCGA likely also included tumor surrounding stromal
cells, we propose that the prognostic power of BGN does
not depend on nor is it significantly affected by stromal
expression.

Next, we investigated the association of BGN with
important clinicopathological parameters. In contrast to
investigations in colorectal, gastric and prostate cancer,
BGN expression was not associated with advanced tumor
stage in our analysis [7—9]. Importantly, our study cohort
was highly stratified, excluding metastasized BC (M1), pos-
itive surgical margin, patients undergoing neoadjuvant che-
motherapy and NMIBC. Therefore, a possible explanation
might be a rather homogenous cohort excluding key varia-
bles of tumor progression. Furthermore, BGN might play a
divergent biological role independent of grading and stag-
ing variables in BC.
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Fig. 2. The correlation of BGN with adverse oncological prognosis is validated in the external TCGA database. (A) Receiver operating characteristics (ROC)
curve for BGN gene expression high/low subcohorts. Area under the curve (AUC). (B) Classification of cases by dichotomization with this cutoff demon-
strated an association of BGN high expression subgroup with poor disease-specific survival. Results are demonstrated as Kaplan—Meier plots. Number of
events (disease-specific death) over the number of patients per group are indicated as ratios over the curves. (C) Gene set enrichment analysis (GSEA) for
genes ranked by correlation (Pearson r) to BGN expression for 2 core BC gene signatures by Lindgren et al. in gene expression data sets. P < 0.001.

ES = enrichment score.

We then correlated BGN with BC gene signatures on the
gene expression level. GSEA revealed a significant correla-
tion of BGN up-regulation with different BC gene signa-
tures, including “Lindgren BC high recurrence” and
“Lindgren BC cluster 2B.” These gene sets are based on an
expression analysis of 75 NMIBC samples, which resulted
into the finding of 4 different gene signatures as well as a
cluster of 49 genes associated with a short recurrence-free
follow-up [29]. Interestingly, BC cluster 2B was associated
with genes regulating both ECM remodeling and immune
response in a gene ontology analysis. These data strengthen
our hypothesis, as BGN is part of the ECM. On the other

hand, this makes BGN a valuable marker to be validated in
the setting of immune checkpoint inhibitors. However, it
remains to be determined if these data can be directly
extrapolated to MIBC, since the BC-specific gene sets were
derived from NMIBC.

Other proposed mechanisms of BGN in the oncologic
setting include inhibition of the tumor suppressor PTEN
[9], induction of the antiapoptotic MAPK pathway [31] and
facilitation of cancer cell invasion through activation of the
focal adhesion kinase (FAK) pathway [8]. BGN has also
been shown to induce tumor angiogenesis by interaction
with its receptor TLR2/TLR4 and up-regulation of VEGF
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Fig. 3. BGN expression is linked to EMT and bladder cancer basal subtype
gene expression in the BC TCGA dataset. (A). Genes ranked by correlation
(Pearson r) to BGN expression based on the BC TCGA database demon-
strated enrichment of the Taube et al. EMT gene set and Hallmark EMT
gene set in the gene set enrichment analysis (GSEA). P < 0.001. (B) In a
heat map graphic positive and negative correlation of different EMT
(ZEB1, ZEB2, CDHI, SAIL1, SNAIL2, TWIST1, TWIST2, VIM, EN1),
BC luminal subtype (FGFR3, GATA3, KRT20, FOXA1, CD24) and BC
basal subtype (KRT14, KRT5, KRT6B) markers with BGN expression in
TCGA are demonstrated. Spearman r correlation is demonstrated color-
coded from —1 (blue) to +1 (red). ES = enrichment score.

[32,33]. This is remarkable, as both the blockage of the
receptor together with angiogenesis inhibitors might be
interesting therapeutic approaches in BGN overexpressing
BC.

We also investigated the correlation of BGN with EMT.
EMT core signatures, among them the “hallmark EMT”
and the “Taube EMT” gene set, were significantly
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associated with BGN overexpression in GSEA based on the
BC TCGA dataset [30]. Interestingly, EMT and BGN have
been linked through the TGFg pathway, although the exact
interplay needs to be clarified in future studies [17]. The tie
between BGN and EMT was strengthened by the single-
gene correlation of BGN overexpression with established
key markers of EMT in a heat map analysis. Importantly,
several markers of EMT (ZEB1, ZEB2, SNAII, SNAI2,
TWIST1, TWIST2, FN1, and VIM) showed a positive cor-
relation with BGN expression, whereas the epithelial
marker CDH1 (E-Cadherin) showed a significantly negative
correlation. Taken together, 2 independent approaches on
mRNA level in the TCGA database suggest a link between
BGN and EMT. However, it remains to be determined if
BGN also functionally contributes to the malignant traits of
an EMT phenotype in bladder cancer cells, keeping in mind
that stromal expression of BGN also is observed and likely
contributes to BGN genes expression levels in BC tissue
samples.

EMT itself has been established as a crucial oncogenic
process in BC pathogenesis. Up-regulation of E-cadherin
(CDH1) has been shown to independently predict better
PES in NMIBC, whereas deletion of E-cadherin was associ-
ated with poor prognosis and progressive disease in BC
[19,34]. Next to E-Cadherin, the transcription factors
TWIST, Snail and ZEB1 were demonstrated to predict
recurrence-free survival or advanced stage in BC [35,36].
Notably, in vivo inhibition of the EMT inducing transcrip-
tion factor Snail has been shown to decrease metastasis
[37]. Therefore, the role of EMT in BC might go beyond
the implementation of predictive markers, but also might
have implications for future BC therapies.

In order to further integrate the role of BGN in our cur-
rent understanding of BC pathogenesis, we correlated BGN
expression with BC molecular subtypes. BGN was posi-
tively associated with basal BC subtype markers, and
inversely associated with luminal molecular subtype BC
markers. Interestingly, the basal subtype was associated
with high expression of EMT markers in a previous study
[21]. These results are relevant, as molecular subtyping of
BC seems to become increasingly relevant for clinical prac-
tice [23,38]. Intriguingly, in the histopathological analyses,
the luminal distribution of BGN in the normal urothelium
was lost in BGN overexpressing BC, where BGN is distrib-
uted throughout the cytoplasm. Nevertheless, the exact
association of EMT with BC molecular subtypes is still not
fully understood and requires further study.

We suggest that BGN is a novel prognostic marker for
poor survival in BC and propose its link to EMT as a possi-
ble mechanism. However, although a multitude of clinical,
laboratory, mRNA, protein along with genomic-based pre-
dictors have been evaluated for BC, only very few have
reached clinical practice yet [3]. Currently, we are only at
the beginning of understanding the role of BGN in ECM
remodeling, molecular BC subtypes, tumorangiogenesis as
well as EMT in BC. However, there are increasing data on
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the drugability of these processes, which will be valuable
targets for future research.

5. Conclusion

We link small leucine-rich proteoglycan BGN expres-
sion on protein and transcriptome levels in 2 independent
cohorts with poor oncological prognosis in BC patients.
BGN overexpressing BC is associated with EMT and the
basal BC subtype. As EMT is a key pathomechanism for
cancer progression and metastasis, BGN might help at iden-
tifying patients with the need for more aggressive therapeu-
tic approaches and a closer follow-up.
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